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This invention relates to cataiyst surtabU .for «»<f2>^S!S JJEitSt-^ pMrfloutafly In . 
The cSyst can be used in an improved prow -J^ggJ ^polyolefins produced so as to obtain 
method of polling the molecular ^eS^wSSht a^sMes\The invention partlculany rti* es 

dialkyls in combination with aluminium alWyl/watercoc 

" stkyl graxp. sod « "-STS* are pdlyroorizedon process oreploylog *. homogsneoos etdslyst 

sdvomags of the evd'dP'T'TjSS 
35 sethto for ethylene poh/reertzoddn^noWereig^^ unssturotlor is present «> 

40 the olefin polymers. relatively low molecular weight polymer P re *f^°y , ?e2 

es achieve high polymettestion actreity end redoes JPsjwi d „, of Wgh molecular weight, high density 

01^=0^^^^^ ioneoo, ce«,y«s whl* con be use** employ, d to 
TZS* highly deslrsPI. to P«^ r ^ 0 ^° v tSsC^ertzstton tomp.rah.res and to bo 

- ^,»tiSKt5SS«i^ " M tt " mpe 

"■aSBrWl"- invention provide. now SSS^SSB* 
U ^fbocndls«>voreolth^^^ 

s .lsXc?tto«!^^ ju a, clous dl 

honSSSSSL and copolyethylen* -J^fT^SSTS this invention are organometaUc 

SfunJUnes. The ™»«°^ ° f 3 Gr ° UP * b * * 

65 coordination compounds which are cyciope 
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Period1cTab.ea„d^^^ 

Go£en# Handbook of Chemistry & ^^SSSSSl s MrogYn 2 a hydrocarbyt radical such as 
5 cyclopentadienyl. each R'« which can be *e same o r drtfwen t s ny g ^ ^ ^ arfl 
alkyl, alkenyl. aryl, aMaryl. orarylancyl ,^^'"9 *jmi ger manium or silicone, or a 

joined together to form a C-Ce .ring. R TjJJ Q is a hydrocarbon radical such as aryl. alkyl. 

- &j5UtfS«~- or, can «. M • - » 

carbene represented by the formula 
» C P8 Zr=CH 2 P(C 6 H 5 ) 2 CH, 

and its derivative of the formula 

Cp ^rCH 2 CH(CH 3 )C H 2 

and the carbene represented by the formula 

Cp 2 Ti=CH 2 AI(CH 3 ) 2 CI 

and the derivatives of this carbene 

Cp 2 Ti=CH a AI(CH 3 ) 3 . (Cp 2 TiCH 2 ) 2 , 

CpsTTCHjCHICHjJCH^ Cp 2 T.=CH 2 • AIR"' 2 CI. 

metallocene or defined carbene. Dro ducing polyethylenes having molecular weight at 

The present invention also provides a P ro ^. fo J" p ™°„3na ethylene elone or in the presence of 
re.aSy P high temperature, The ^^^^^IftT^ system described *oy* 
minor amounts of higher * tJEblthe use of derivatives of the cyclopentadienyl ring 
' JlTJlSSSi tXSS^t^SS^ and tailor polymer mo.ecu.ar weight and/or 

^ZT^T^on is directed ^^^J^XSL^m^ 
polymerfcation of olefins, and Ipartic utartr f^ 0 ^S^^^ ^ mers are Y 
low density polyethylene (LLDPE) "^^^ "^Sotonnlng. rotational molding, and the like. In 
fabrication into articles by extrusion, injection molding, we ^ DT ° r ' T ''"«' d copolyme rs of ethylene with 
^"Sthe polymers of th^ 

higher alpha-olef.ns having from 3^ to 10 a " r ^^ m8 h exene-1 and octene-1. 

mutative of the higher alpha-olefins m " oneortogetherwithalphM lafin.having 3or 
,„ the process of the ^^^S^^Z^i * ^ 

In accordance with this invention, on «m atec ^^S/J molecu le. As indicated above the 

& meta " 0Cene ° f C3rbene 
component. aluminum compounds which can be represented by the general 

The alumoxanes are polymeric _ aluminum ~™ p °" .i- )nA | R ., which is a linear compound. In 

formulae (R-A^)„ which ^f^^^s -W. W*. **■ Bjjj 

the general formula R is a C-C« , alkyl group such as. tor exa P ft preparation of alumoxanes 
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form of a moist solvent In an alternative method, the aluminum alkyl su<* as aluminum trimethyl can be 
desirably contacted with a hydrated salt such as hydrated copper sulfate. mDth „ H 
Preferably the alumoxane is prepared in the presence of a hydrated copper sulfate. The method 
mJSSSiSS a * »'"tion of aluminum trimethyl in. for 
s reoresented by the general formula CuS0 4 • 5HA The ratio of copper sulfate to aluminum trimethyl is 
Sbly abo!)t ™ mole of copper sulfate for 4 to 5 moles of aluminum trimethyl. The reaction is evidenced 

^The^ew^ 

bi and tricyclopentadienyl or substituted cyclopentadienyl metel compounds. The metallocenes are 
jo represented by the general formula 

(C 8 R' ra )pR".(C s R'JMeQ 3 -p. R",(C 6 R'J 2 MeQ' 

or a derivative thereof as specified above. . . „„,, 

Exemplary hydrocarbyl radicels are methyl, ethyl, propyl, butyl, amyl. isoamyl, hexo. isobutyl. heptyl, 
octyl, nonyl, dicyl, cetyl, 2-ethylhexyl and phenyl. 

Exemplary alkylene radicals are methylene, ethylene and propylene. . . . 

Exemplary halogen etoms include chlorine, bromine and Iodine and of these halogen atoms, chlonne 

18 "Semptery of the alkylidene radicals is methylidene, ethylidene and P™Py«dene 

Of the metallocenes, zirconocenes and titanocenes are most preferred Illustrative but non-l mibng 
examples oHhese metallocenes which can be usefully employed In accordance v«ft this 
monocyclopentadienyl titanocenes such as pentamethylcyclopentad.enyl ^tt^Mnjri 
bis(CD)Ti(IV) compounds such as bis(indenyl)Ti diphenyl or dichloride. b.s(methylcyclopentad.enyl Ti 
25 dSSS?dSS£ and other dihalide complexes; dialkyl. trialkyl. tetra-alky^ i and vm^mfiffag^ 
d enyl titanium compounds such as bis(1,2 - dimethylcyclopentadienyDTi diphenyl or dichlonde b,s(U - 
d emylcyclopentadienyOTi diphenyl or dichloride and other dihalide complexes; s.l.cone. Phosphme. 
a3 or carbon bridged cyclopentadiene complexes, such as dimethyl silyldicyclopentadienyl titanium 
S!Z £d5tortd£ methyl phosphine dicyclopentadienyl titanium diphenyl or dichlonde, methylene- 
30 SdopentodS titanium diphenyl or dichloride. ethylene bis (4.5.6.7 - tetrahydro.ndenyl)t.tamum 

dichloride and other dihalide complexes. 

Uusuative but non-limiting examples of the zirconocenes which can be VT P ^^ 
accordance with this invention are pentamethyl^clopentadien Y l zi>co 
^yclopentadienes, such as bis(ethyl cyclopentadienyl )zirconium dimethyl *' s < 
« dienyijzirconium dimethyl, bis(methylcydopentadien Y l)2irconIum dimethyl 

above di-alkyl, tri-alkyl, tetra-alkyl, and penta-alkyl cyclopentadienes, such « b "^^^^^ 
dienyl zirconium dimethyl, bislpentamethylcyclopentad enyl)zircon,um .dimethyl, bis<1 2 - *J"^J 
pentadienyDzirconium dimethyl, bisdJ - diethylcyclopentad.enyl)z,rconium dimethyl and d hahde 
Complexes of the above; silicone, phosphorus, and carbon bridged cyclopentadiene »ntP» «^ « 
40 dimethylsilyldicyclopentadienyl zirconium dimethyl or dihalide and methylphos^ 

zirconium dimethyl or dihalide, and methylene dicyclopentadienyl zirconium dimethyl or ^lide. 

The ratio of aluminum in the alumoxane to total metal in the metaliocene or carbene can be in the 
range of 0.5:1 to 10,000:1, and preferably 5:1 to 1000:1. m .. (lar a 

The solvents used in the preparation of the catalyst system are inert hydrocarbons, in particular a 
45 hydrocarbon that is inert with respect to the catalyst system. Such solvents are well knov^ and inc lude, for 
example, isobutane, butane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane, toluene 

8nd /^"further control and refinement of polymer molecular weight, one can vary the concentration 
alumoxane. Higher concentrations of alumoxane in the catalyst system results in higher polymer product 

so mol |cular ^ e a^" rdance with tnis invention, one can produce high viscosity polymer product at relatively 
high temperature, temperature does not constitute a limiting parameter as with the prior art metaliocene/ 
alumoxane catalyst. The catalyst systems described herein, therefore, are suitable for the polymerization of 
olefins in solution, slurry or gas phase polymerizations and over a wide range of temperatures and 

ss pressures. For example, such temperatures may be in the range of -60°C to 280°C and especially in the 
range of 50°C to 160°C. The pressures employed in the process of the present invention are those well 
known for, for example, in the range of about 1 to about 500 atmospheres (99.3 to 49644 kPa) and greater. 

In a solution phase polymerization the alumoxane is preferably dissolved in a suitable solvent, typically 
in inert hydrocarbon solvent such as toluene and xylene in molar ratios of about 5x10 M. However 

60 greater or lesser amounts can be used. 

The soluble metallocenes can be converted to supported heterogeneous catalysts by depositing said 
metallocenes on typical catalyst supports such as, for example, silica, alumina, and polyethylene. The solid 
catalysts in combination with an alumoxane can be usefully employed in slurry and gas phase olefin 

65 P ° , Tfter M p^ymerizati and deactivation of the catalyst, the product polymer can be recovered by 
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other suitsble oomminuted shapes, i-igt" moleoiler 
b« added to the polymer. .„„ rf .„™ with this UwenUon will hsve a weis" «™™» 

"s polymer r^duaoto.^ 

-rp.»«^^ 

• a a Water's Associates Model No. 
150C GPC <Gel Permeation ^ ro ^ c a "|S e red. The GPC runs were P e ^~ E lmer Inc. 300 

600 cm' of a 14.5% !°' uti0 ? H o ^ n ? t o 2 00 cm* toluene in a Zipperclave reactor un The 

at 5 ml nute intervals. W,< ^oSiS^^-»'«- 
maintained at 100°C. Each increme n ^ ^ oompl^o^MJJ^ alumo xane and a 

sma«q^ 



fort^mer^ 

was dried and deoxygenated with a nraog (jn tota , alummum) alumoxan ^ 

directly into the pressure vessel 10.0 cm of o. an{J ^ W a ^ J* * ^ m £ nloride 

the vessel by a gas tight syringe througn w q Qg1 mg bis(cyclopenttd.enyu a After , 

80X for 5 minutes at 0P 8, 9^;Vtofuene was injected through the sepu™ .nleunto >™ gt 80 . c . 
dissolved in 2.0 ml of dry, d admitte d and while *e reaction vessel^ "wasstopped by rapidly 

minute, ethylene at 60 ^**££££ "so minutes at which time the reaction ^ ^ 
The ethylene was passed '"W^^hite polyethylene having al&n of 39,500 

^T^rstainles^stea, pressure^ 

for temperature control | *»g^$*£}£S. 400 cm' of ^^SSSt^^^ 1 ^ 
was dried and deoxygenated wiw a ™« » a , umoxa ne (.785 mmoles in total aium nun , 
Sy into the pressure ves.e ^ 
5 the vessel by a gas tight synnge tmoug \ 0.2101 mg b's(niethYl^ciop^ ^ vesse| 
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were performed as Example II except that 0.2 mg of metallocenes as listed I in_ Table II 
loom* alumoxane were employed giving an Al/Zr of 8x10 s . The results are summarized .n Table II. 



Examples 6—8 
and 
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TABLE I 

Substituted cyclopentadiene (Cp) ligand effects 



Activity 





Example 


Catalyst* 


Mw 


Mn 


MWD 


kg/g.h.atm 


10 


1 


Cp.ZrCI, 


140,000 


39,500 


3.5 


252 




2 


(MeCp)2ZrCI 2 


212,000 


55300 


3.8 




15 


3 


(EtCplaZrCIa 


171,000 


44,700 








4 


(B-PP-Cp)2ZrCI 2 b - 


282,000 


78,200 


o.b 




20 


5 


(MBfiCpJaZrClj 


63,000 


13,200 


4.7 


71 


■•Al/Zr=24,000 
b 'PP=phenyl propyl 
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TABLE II 










Example 


Catalyst*- 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 


30 


6 


(Me s Cp) 2 ZrCI 2 


47,300 


13,200 


3.6 


142 




7 


(MeCp) 2 ZrCI 2 


180,000 


48,300 


3.7 


278 


35 


8 


(EtCp) 2 ZrCI 2 


184,000 


50,000 


3.7 


281 



so 
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*-AI/Zr=8,000 

The Dhvsical properties of a polyethylene are largely determined by the polymer molecular weight and 
the polymer denSy . The previous examples have demonstrated that through the ligand effect, one can 
«f eZr weight of polyethylenes. The following examples demon* 

Uaand effects one can control the polymer density in copolymers such as ethylene copolymers. In addition, 
he coSofo polymer density in the following examples is demonstrated at ^/eaction conditions 
indicating that density control is mediated by ligand effects on the catalyst reactivity ratios. 

^ AWtorSISIS steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen 
was dTd and deoxygenated with a nitrogen flow. 400 cm' of dry. degassed to uene was •ntroduced 
Stactlv into fthe pressure vessel. 10.0 cm 3 of alumoxane solution^ 

fnSttie vesse TbyTgas tight syringe through the septum inlet and the mixture was stirred at Iffipm 
arid for 5 minutes at 0 psig (99.3 kPa) of nitrogen. 200 cm' of liquid propylene at 2S'C was then added 
SwSng n a pressure of 126.2 psig. (969.4 kPa) 0.1 13 mg of bis^clopentadienyllzirconium dimettyl in 10 
mf of Xne wtsTnjected through the septum inlet into the vessel. Ethylene at 152. psig (1148 kPa) was 
adm tted aSS the reaction vessel was maintained at WC. The ethylene was passed ^°*e vessel for 30 
minutes at which time the reaction was stopped by rapidly venting and cooling the reactorj B6.0 g of 
copolymer having an intrinsic viscosity of 0.74 was isolated which contained 31 mole % propylene. The 
density was 0.854 g/cm' at 23°C. 

A P l3ite°r stainless steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene end nitrogen, 
was dried hmd "deoxygenated with a nitrogen flow. 400 cm' of dry. degassed to uene was 'ntroduced 
directll into the pressure vessel. 10.0 cm' of elumoxane solution (0.8 moles in total aluminum) was injected 
in She vessel by gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
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i— « ot oepc was then added resulting in 

_ . « ./am) at 93°C 



copolymer navm* -» »■-■ - 

density was 0.854 g/cm* at 2TC 
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formula 

Cp 2 Zr=CH 2 P(C s H,) a CH, 

30 and its derivative of the formula 

C Pa ZrCH 2 CH(CH 2 )C H 8 

and the carbene represented by the formula 
35 Cp 2 Ti=CH 2 • AI(CH 3 ) 2 CI 

and the derivatives of this carbene 

Cp 2 Ti=CH 2 • AI{CH 3 )j, (Cp 2 TiCH 2 ) 2 . 



Cp, TiCH 2 CH(CH a )q H 2 , Cp 2 Ti=CH 2 • AIR"' a a 

45 alkylaryl radical having from l— i» caroon 

(C,R' m )pR".(C 8 R'm)MeQ,-p or R".(C 6 R' m ) 2 MeQ', 

— ^v/jssjs^I^Ss 

feast one R is ahydrocarbyl radical when s=0 end Q is an i alkyi racjca ^ m ^ ^ 

2 A catalyst according to claim 1 wherein , wh«n pa « 0. ° C J s °, r lopent adienyl) titanium diphenyl. 

3 A omWat according to claim 1 wherein compose (a) is ™ «J dichloride , bis(ethylcyclo- 
bis(X^^ ^SSSSSSSPSSSl zirconium dich.oride. bislpenta- 

3sras.-«ws«r.tr 
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carbon atoms per molecule. 

Cp,Zr=CH 2 P(C 6 H B ) 2 CH 3 
10 und seln Derivat der Formel 

CpjZrCHjCHlCHjJJHj 

und das Carben der Formel 
is Cp 2 Ti=CH 2 -AI(CH,) 2 CI 

und die Derlvate dieses Carbens 

CpjTi-CH. AKCH^,, (Cp 2 TiCH a ) 2 , 
Cp 2 TiCH 2 CH(CH 2 )CH 2 . Cp 2 Ti=CH 2 • AIR'" 2 CI. ^ 




AlkenVK Aryl-. Alkylaryl- °. fl ^'!^ rong fa Iden, R" ein Allcylenres « — ^ Rest 

ist und daB mindestens ein Rest n em n Y 

Halogenatom 1st und (b) ein Alumoxan. £thy , oder gutyl .st 

a, Kohlenstoffatomen pro Molekul ist. . 
55 repr6sent6 par la formula 

C P2 Zr=CH 2 P(C 6 H s ) 2 CH 3 

et son derive de formule 
so Cd ^tCH 2 CH(CH 2 )C H 2 et 

le carbene represents par la formule 

Cp 2 Ti=CH 2 AUCH 3 ) 2 CI 

£5 

8 
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et les derives de ce carbine. 

Cp 2 Ti=CH 2 AI(CH s ) s . (Cp 2 TiCH 2 ) 2 , 

CpjTTCHjCHtCHsJCHj, Cp 2 Ti=CH 2 • AIR"' 2 CI. 

ou Cp est un radical cyclopentadieny.e ou cyclopentadienyle substftu*. et W» est un redica. alkyle. aryle ou 
alkylaryle ayant 1 a 18 atomes de carbone; ou un compose de formule 

(C 5 R'J P R".(C s R' n) )MeQ 3 -p ou R".(C,R'J«MeQ'. 

dans , q ue..e Me est un metafdu Groups 4b 5b -"JS? fiSfSXS 

«nfu^d^ 

. Kile ou^wlSle ayant 1 a 20 atomes de carbone ou un halogene. Q' est un rad.ca elkyhdene ayant 1 

"'iSteSsS!, ZJSSSZU*** 1. dene ta,uel , est » 0. Q ee. I. chlon, et R' est un reto. 
m4 *3^.»E B ur°. U uS'r. tendon 1. dene lequel I. enmpo^e (al est k. ^ST"^^ 

8 atomes de carbone par molecule. 



35 



40 



so 



65 



50 



65 



